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In this document, it is investigated how a curved Linac aﬀects the spin transport.
The original main Linac lattice lifted from the Tesla TDR is modiﬁed by assum-
ing an accelerating gradient of 31.5 kV/mm and a phase lag of 5◦ per accelerating
cavity. Additionally, a dipole component is superposed on the quadrupole guide
ﬁelds, modelling the inﬂuence of earth’s curvature. The total number of struc-
tures is determined by assuming a ﬁnal electron end energy of about 250GeV and
the Tesla module structure. Comparing the precession angle given by numer-





In order to cut civil engineering costs and problems regarding the layout of the cryogenic
systems inclined the main inventors of TESLA to select a design for the main Linac
which follows the curvature of the earth, suggesting a shallow tunnel with an approximate
depth of 20m below the surface.
The design presented in this document, proposes a smooth and continuous following of
earth’s curvature which is assumed to be constant. The required vertical focussing is
supposed to be provided by additional dipole windings on top of the quadrupole magnets,
forming of the FODO cell structure. No additional bending magnets are considered as
means for supplying vertical deﬂection.
The layout outlined above was also chosen for the tentative ILC lattice presented below,
since the author considers it to be the most practical solution. How such a lattice can be
composed and how the additional dipole ﬁelds inﬂuence the spin transport is the subject
of this document.
2 Composing the lattice for a curved Linac
Starting from the original lattice ﬁle from the Tesla TDR[1] for the main Linac pro-
vided by N. Walker, a new lattice ﬁle was composed which assumes a Linac following
the curvature of the earth. The following modiﬁcations with respect to the original were
made:
• The accelerating gradient of all cavities was changed to 31.5 kV/mm and a phase
lag of 5◦ as the working point was selected, contrary to the Tesla parameters
35 kV/mm and 4.4◦.
• The number of FODO cells was changed to 105 to reach an electron energy at the
exit of the Linac of about 250GeV.
• All quadrupoles magnets were replaced by sector bends, SBENDs in the MAD[2]
computer language. The dipole component of each magnet is determined by the
curvature of the earth and results in a bending angle α = 8.262μ rad.
The quoted ﬁgures are the results of a calculation which is outlined below:
Since each cavity module increases the beam energy by 32.6MeV for the given acceler-
ating gradient of 31.5 kV/mm at a phase angle of 5◦, and each cryomodule is comprised
of 12 cavities, the total energy gained by an electron while traversing a single cryomod-
ule is 391.6MeV. Furthermore, a single FODO cell consist of two quadrupoles and six
cryomodules. All of these form a periodic lattice of FODO cells, each with a length of
97.164m and phase advances of 60◦ in both planes. Thus, 105 FODO cells and a ﬁnal
extra cryomodule, equipped with a single focussing quadrupole, are required for acceler-
ating an electron from an initial energy of 5GeV to about 250GeV, or 250.817GeV in
particular. This result was obtained by utilizing MAD8 for simulation. A beam-loading
2
parameter, ELOSS, of 1.43× 1013 V/C was chosen. The overall length of the Linac with
these modiﬁcations is 10459.608m.
Each of the quadrupoles is replaced by an appropriate sector bend, with the same length
as the original quadrupole. The bending angle is given by the radius of the earth
ρ = 6000 km, the overall length Ltot = 10459.608m of the Linac and the number of




= 8.262μ rad. (1)
The nominal strength of the quadrupole component is determined by requiring a periodic
lattice with a phase advance of 60◦ in both planes for each FODO cell. To obtain
this results, the accelerating facilities are deliberately turned oﬀ; otherwise, a periodic
solution cannot be obtained. The result of this cell matching is depicted in Figure 1.
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Figure 1: Beta functions of a single FODO cell. The RF cavities are turned oﬀ.
The beta functions of the whole non-accelerating Linac are shown in Figure 2. The
initial conditions are given by cell matching of a single cell. The vertical dispersion
function Dy is a periodic undamped sinoidal function.
When the RF is switched on and the initial parameters are as before, beta beating occurs,
since at the beginning of the Linac energy-dependent focussing eﬀects play a part in the
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Figure 2: Beta functions of the non-accelerating Linac.
cavities. Focussing by edge quadrupoles causes a deviation of the phase advances from
the design value of 60◦. This eﬀect is irrelevant at higher energies because of the increase
in beam rigidity (see Figure 3).
For an accelerating Linac, the vertical dispersion function Dy is adiabatically damped,
as shown in Figure 4.
With these developments, the spin precession imposed by a curved Linac can be com-
pared to the relevant analytical expression. (For a derivation, see [3]).
3 Spin tracking results
Since the cavity model implemented in Merlin does not provide the ELOSS facility,
modelling the eﬀect of beam loading, this parameter was set to zero, while assembling
the lattice ﬁle in MAD which was then used for spin tracking with Merlin. Removing
the parameter results in an increase of the ﬁnal energy compared to the initial one
considering beam loading from 250.817GeV to 251.164GeV. Merlin prints an end
energy of 251.154GeV.
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Figure 3: Beta functions of the accelerating Linac.
the precession angle ψ is calculated to be 29.04◦, which translates into a longitudinal
polarization sz = cosψ = 0.8743, assuming a spin which is entirely polarized in the
longitudinal (si = zˆ) at the entrance of the Linac. To obtain these results, a total length
of the Linac ltot = 10459.608m, a radius ρ = 6000 km of the earth, a magnetic anomaly
a = 1.16× 10−3 and a ﬁnal energy of 251.154GeV were assumed.
Setting-up Merlin in the appropriate fashion, results in a longitudinal polarization
component sz = 0.875 at the exit of the Linac.
4 Conclusion
A lattice ﬁle for a Linac has been composed which models the curvature of the earth by
superposing dipole components on top of the quadrupole guide ﬁelds.
This lattice ﬁle was used for comparing the spin tracking facility of Merlin with the
corresponding analytical expression. Perfect agreement was found.
Additionally, it has been shown that the vertical dispersion function Dy gets substantially
damped when the electron energy increases in the Linac. The impact of this damping
mechanism might have an impact when beam-based alignment techniques, such as the
dispersion free steering procedure, are numerically implemented for a non-laser-straight
Linac.
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Figure 4: Vertical dispersion function as a function of the arc length.
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